Ohio). Elevated-temperature technique for the isolation of Salmonella from streams. Appl. Microbiol. 14:591-596. 1966.-With a modified Moore swab for sampling bacteria, Salmonella organisms were recovered consistently from surface waters when the enrichment broths of SBG-sulfa and tetrathionate and Brilliant Green Agar plates were incubated at 41.5 C. When an equal portion of the same swab sample was incubated at 37.0 C, no salmonellae were detected. By use of the elevated-temperature technique, salmonellae were recovered from stream sites having relatively low total coliform densities of 2,200 per 100 ml and fecal coliform densities of 220 per 100 ml. These pathogens were isolated in water sampled as far as 73 river miles and 4 days time of travel downstream from the source of pollution under an ice cover that averaged 2.5 ft (76.2 cm) in thickness.
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An accepted procedure in sanitary science is to describe the bacteriological quality of water by coliform density on the basis that these organisms are indicators of fecal pollution with the attendant hazard of pathogens. Isolation of pathogenic organisms, specifically Salmonella, in conjunction with the coliform group enhances the importance and validity of the coliform test as an indicator of fecal pollution detrimental to health.
Isolation of Salmonella from streams or natural waters has been deemed impractical, or has been approached reluctantly by some Media. Separate 300-ml volumes of tetrathionate and SBG-sulfa enrichment media were prepared in 500-ml wide-mouthed flasks. With scissors which had been immersed in ethyl alcohol and flamed, strips containing several layers of gauze cloth were cut from the swab and added to each flask containing enrichment medium. Approximately one-half of the swab was used to inoculate one set of enrichment medium. The inoculated enrichment medium was warmed in a 44.5 C water bath for 5 to 10 min to obtain a rapid internal medium temperature of 40 to 41 C. The medium was then incubated at 41.5 C for 24 hr in a dryair waterjacket incubator. The other half of the swab was used to inoculate another set of enrichment medium, which was incubated at 37.0 C for 24 hr. For temperature recordings, incubators were equipped with screw-capped 200-ml jars containing water, with a drilled hole cover only large enough to receive a thermometer. After incubation, two Brilliant Green Agar plates were streaked from each enrichment medium and incubated at 41.5 and 37.0 C, respectively, for 18 hr. Identification. Suspected Salmonella colonies, white with a red background, were picked from the Brilliant Green Agar plates, and inoculated into tubes (13 by 100 mm) containing Motility Sulfide Medium (MSM), Triple Sugar Iron Agar (TSI) slants, and H Broth (all from Difco). The technique used to identify Salmonella was similar to the one described by Hajna (3) . Reactions of MSM and TSI were recorded after 18 hr of incubation at 37.0 C. The MSM was overlaid with 1.0 ml of Urea Broth (Difco) and incubated for 6 hr at 37.0 C to determine urease activity. A sample of the H Broth culture was tested for indole production with Kovac's reagent, and a 1.0-ml sample was treated with an equal volume of 0.6% formaldehydesaline. Serological reactions for 0 somatic antigen were tested on a glass slide with a loopful (0.4 cm in diameter) of a heavy, smooth suspension of the culture from the TSI slant and a loopful of Salmonella polyvalent 0 antisera. The two were mixed together to form a strip 0.5 cm wide and 2.0 cm long. A control test was performed on the same slide with a loopful of saline and of culture. The slide was tilted back and forth several times and observed for agglutination, which occurred within 30 to 45 sec. If the reaction for 0 somatic antigen was positive, a tube test was used to determine the presence of H flagella antigen from the formaldehyde-treated H Broth, previously prepared, and Salmonella polyvalent H antisera. A 0.5-ml amount of polyvalent H antisera (1:100 dilution) and 0.5 ml of formaldehyde-treated H Broth culture were added to a tube (13 by 100 mm), mixed, and placed in a 50 C water bath for 1 hr. If the H flagella antigen was present, flocculation or agglutination occurred within Fig. 1 ). The results are given in Table 3 .
In September 1964, sampling was conducted for only a short distance below the municipalwaste outfalls. Three sites were chosen: immediately below the Moorhead, Minn., sewage treatment plant outfall; 12 miles below the outfaU at river mile 436, which is 0.5 day time of travel downstream; and at river mile 426, which is 22 miles below or 1 day time of travel from the outfall. Salmonellae were isolated at all sampling points. Salmonella organisms were isolated 22 miles downstream, where the fecal coliform density was a relatively low 2,850 per 100 ml, which indicates persistence even when coliform values are low.
In November 1964, the sampling program was greatly enlarged and extended. Salmonella orga- (Table 4) . Four of the species isolated from the Red River of the North are among these top six; they are S. typhimurium, S. heidelberg, S. infantis, and S. enteritidis, which rank 1, 3, 5, and 6, respectively.
During each of three phases of the Red River of the North survey, the attempt to isolate Salmonella resulted in 100% recovery of these pathogens wherever they were reasonably expected to be found. Salmonella organisms were not recovered upstream from the principal sources of pollution.
DIscussIoN
The author believes that the investigators mentioned in the introduction would have significantly increased their chances of isolating Salmonella, and possibly would have isolated the pathogen at much greater distances downstream from the source of pollution, if they had used the elevated-temperature technique described in this paper. Through the combined techniques of selective media and elevated temperature of incubation, the competitor organisms are further inhibited because of high temperature, possibly by lengthening the lag phase and generation time. Conversely, the Salmonella lag phase is shortened at the higher temperature of incubation, which allows earlier entry into the logarithmic phase and a shorter generation growth time.
The elevated-temperature technique may have practical application in epidemiological studies by providing greater yield of Salmonella from natural waters. The isolation of Salmonella from waters where the total coliform density is as low as 2,200 per 100 ml and the fecal coliform density is as low as 220 per 100 ml strengthens the contention that the coliform test is an excellent indicator of the possible presence of pathogens.
